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(57)Abstract: 

PROBLEM TO BE SOLVED: To effectively reduce a pressure 
loss in the tube while improving the heat transfer capability. 
SOLUTION: In the tube internal surface, two or more virtual 
border lines 22 extending in the tube axial direction, are 
provided, and from the virtual border line 22 to both adjacent 
virtual lines 22 across it, a large number of diagonal grooves 12 
are formed, and in the meantime, the diagonal grooves 12 
which are formed across the virtual border line 22 on both 
sides, are constituted in such a manner that they may tilt in the 
opposite directions from each other, and also a ratio : 2d/D for a 
twice of the groove depth : (d) of the diagonal grooves 12 and a 
tube internal maximum diameter : D is constituted in a manner 
to become 0.05-0.1 . At the same time, on the virtual border line 




22, a straight groove 14 extending in the tube axial direction at u 
a groove depth : ds which is shallower than the groove depth : (d) of the diagonal grooves 12 is 
provided under a state wherein the straight groove 14 communicates with the diagonal grooves 12, 
and in addition, the value of the relational expression: dsxWsxn/(7t><D) for the groove depth : ds (mm) 
of the straight groove 14, the groove width : Ws (mm), and the number of lines : (n), and the tube 
internal maximum diameter : D (mm), is constituted in a manner to stay within a range of 0.001-0.05. 
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[EfUffS^OfEffl] 

fiffc^rtfe*cilg: DfcOit^: 2d/D*«0. 0 5- 

0 . 1 b%h£o £®fct& tftfc. ffimwm#®<r) 

S3 : ds fctswc. l«rtr|6itgt/SXhU-hrl5: 

Mmmizmm?&vmvmv. mz. mxh\s-m 

0)ffim2:ds (mm).3ftR:Ws (mm) RVlk 
& : n % Mtffcfrtft^Eg : D (mm ) WHfisS : d 
sXWs Xn/(ffXD)«I*>'. 0. 001-0. 0 

i §mm 2 ] mMmmmcom^ ■. d <n 2 m t m?m 

R^ttS: Dfcatf?: 2d/Dtf. 0. 0 5 8- 

o. 0 87amBmtztix»izk*i!mb-i-&n$ 

[W*«3 ] Kf!fiB8&5S : ds xws xn/(*x 
D)c/)ffi#. 0. 0 0 5-0. 0 4co®Hrtfc^rS.J:d 
tcfifjSSft? ti*IB£JR 1 2 EttOrtfliftft 

mc* b ^ittRB 1 JHMJBH 3 OflfuWcE 

[ it*« 5 ] Ml ttfJftgcD'g mriSUC *5W h tf y 
0. 35-0. 5 0mmOKHrtfc3ilStftt. K« 
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[0003] -eLT. HRfc. *«>J:5£J!Bail*aR 
*)Wtt>tLt>G3*8b IXU. <§ftWtzMl&M1)Wf&.Z 

tix%h. mmmi&mmmmztix^z. z.<r> 
mmmmizi>->xtt. mtmm&zti'c^tz 

wuwra, mmm^mmm^i^mz 

[ 0 0 0 4 ] *fc . ^4rtBWft»tm:tJ^TI4. 

ft. L;6>L&#&. {■Oidfvf?* yft^'JA7 

%mmR*Mi&&mx'<vimLif s iti!Fct>-?Ti>. *\ 

y>. -eoJ: 3 y j vil*?x V&yj >ittz£ oT 
[000 5] |fflW57-1834 8 7#4MBfc: 

it. f smizntxm^(omnmi:i>^xmm>hm^ 
izm^xmv&imcoffiw. mmzirttvwmto 

^comgffilzMLxmbb%&£o^ Wfififctj^ 

tt« (jar. rtB5«airwei^fc^d > 
■rraiiLfc. <^^*fc lt«»««)«b«3&«. mm 

40 tfmmmmmmzfofr'ixmzizmi&xoizw, 
mitb^tihzbizxix. tti&mK *ti?twm 
*ix^xmm<?)®®mzmfrtix . mmm^mmit 
tf£ r )3imzmt>tiz>bmz. 'gmmnmwmiz 
tit. ttKttGamBWWkzti. &xm>mW)< 

[ooo6] k *w»i««8BSK:±<itf . -e 

50 mmbif^&b. &3mm&izti^x. mib'm^ 
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m&z tif&vh •) . -etttc j -> t . iuf e&ssicbb^s 
[0007] L*fc. *>*>£rtiit^ttfi^fcfc^ 

*U>&#i*J:3C*-*£i:fcJ:>K fcJ«>T» agfcttSE 

[0008] £<9£55r*^9in£^8£fla9 

fcg^fc LT. *W#SSS{±. jfefc, «SPP8-4 3 0 
0 4^HWF8-1 3 6 1 9 4^fcLT. fi)j£OftI& 

[00 09] L#> L5:*>*£> . ^m«bfse(=8@t»}h 

ttztzh. *<D£o%ftffitmmtt&?mizi>-oX 

t i t imhfrt & ->tz<nx-h i . 

[00 10] 

iz&m-fhzbniammmmmfsitm-t^ z t 

ikftfc. «^JMfcMfc«tSl*liiBII««J:*)fc. 3t 
[00 1 1] 
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ibst * i t #t&ki z t i:M.\a it&x-h & . 

[0012] t%*>-h. jfcfrSJUJlfclfr^ 

mznLxm^m^^Lx^mmm^a^xm 
mwmmg:t:mA,x'*ix?ti&f8.ztiz> 
mmmmmtm^mji^nzmmLx^ j o izm^L 

@: Dtnitm: 2d/D#0. 0 5—0. 1 t%h£ 

s (mm) , mS: Ws ( mm ) 8.1/3*81. : n . mf£ 
Wrtft^cBg: D (mm) OR^^ : ds XWs Xn/ 
(ttXD) <?5fi*s. 0. 0 0 1 — 0. 0 5cOKHrtk^r 

[0013] »t4t. *»Hta3rtiBflMMase 

)tx h u- LtzhcoX'h 0 . -^cOJt^t. ME 

40 T. ©rtE^ffl^S^m^K^St^t^^ 
[00 14] L* l t>, -e^i^^XhU-hfflJi, ^-60 

mmt<r>mmz®£#±t&ztt%i . zlxzct) 

50 S&iUt^^tL. jaTeJSMB^WJdWR^^tcWR'*- 
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mm®* : ds kfaaa^iiass : d ktmtmk 

[0015] Srfc. rt^SS&qJKcft? «5tte&<g 
fcfc-oTti. 5Wci&9^»<SO2S<0^?8*>£>& 

[0016] -«rfo^. ii36i$fcUi. m?mfttfM#L 

s^awtsi* ft^mmimtt53>miz\zM.t>ti% 

a*^S^Wfaa>dTft£^^k&o£^t<i^ 
[0017] -Jr. satttli. fiSSSKffcPftftShJI 

coisai*«(satt$tLS i 1 1 & o . saRSr^KHett^ffi^ 

gfc J: oT?ft»k &ofcffi&jKtfftftl£ fcHft*-* i k 
k=5:9. WB* t J:0-)BH8JiS*iT, flttufefia»tttt»» 

[ o o 1 8 1 ini-c. *jwnca$ mmtti&mizb 

02fS?)Jt: 2d/D**0. 05-0. l^^fflrtk^ 

»«o«iirt-c. mxoitUKZ&xoiz 
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l3Sft6fc.1t* k »?ABK>3rl/m*«> , ?&*. 
[0019] Sri*. jK^&*£H£ti!3rtIifflItt£ 

$ : d02ttfc1HHf|tyft*iK& : Dfctf>Jt* : 2 d/ 
Dli. 0. 0 5 8-0. 08 7O8HAfc3*i&£2:fc 
fcft. ttfc. «IOJ:3«rWIII«W>19Ett»fc*r6rtiiI 
«ttCa!W(c*Jv»ttt, *OTfettfigk«ii8tt&ka>\ 

10 [00203 ifc, £»6>t*X9i0#* U4M80ft0> 
-oKifUf, *N#naxhl'--l>flK>aiaES : ds 

, mWi : Ws fttfSft (*») : n. Mtffclrrtfi* 
tiff: DCNLT, *ft£><7)8$5$ : ds XWs X n/ 

(TrXD)O(i^ 0. 005-0. 04<0KHrtk& 

9-W6*H3SS3*Ui4«r k k . 

[ 0 0 2 1 ] $ t> iz . d rtffl»ft^Sfcoxi] 

o^WFom&kzti. *n*oitm&i«m*&z 

20 k fcl o-C . «ute8M3HB*«%oo. i D-JH33e 

[0022] secifc. *«Hfcft3 mmffiBsastz 
h-yxii. umizii^ mmjmemm-xfttz&fthv 

-yf-ipO. 3 5—0. 5 0mma)$m[*itZtlhkgi 
fc. gti^S«f«a««itit1-|»^«S7!) J 5-4 5* 

vmmtzti. a^MttimmmnSHWi o- 
3 5- 0mme>w**irt&9&kk lx. &f$.zti 

^n#T. J:9-JB***®!MBB»lli36 s »fe*i«<0-C' 

30 

[0023] 

ifawm&ami kzzx. ai-E3»c<±. 
m&mmkztuzHBmffismti o«-umw 

k h V- V m 1 4 feilT OS . 

[0024] J: OmWcWfcli. *<tfe«3H. WfcH 1 

40 wm® 1 2 »i . flffiiB ( vmztt txmmzmm ) *« 

)Sgl5fc[til*> ■? (c^o T«k ^rS ^ig^KSr i. oT«Ij£ 

W, BD*>, £l!8^ffil8ak*rlfflWl8bktWL 
T. £ftk LTJttWdfcitttL. .ao@parfr 

Wfc5v^lWaOTfefiV^I»»t-4««il 12.12 
fflz. 3gk2 0£B&.llL WLtthtiXMkmz. 
Ztlt,&m*M 1 8 a k fcfflM 1 8 b k iz ti^X . <%■ 
50 Nfcfl LTm^^flS : ^ Sr^-f 2S<0«l^i?| 1 
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*>k fli«Hi6cofflrttc#ttLT. m2tz^timm 
izm&±Tmftm&mzoMititbL>tix^& . 
[0025] *lt. &mmi2^ mi j m2x*) 

Whfr%1®< » -*Ofi8BWHHl2 2*6fttiro<KS8l 
JHI2 2fcS*J:$fcRtt6*iTv*4fc*fc:, «i£>2 

*«>jR»«JHl2 2. 2 2±fc. m^O^ili : Ws * t> 
2<0»aS$ : dJ:Dt>avii883 : ds iZ&^X. Ztl 

12«i. *M'-M»14£SW/C, {-OMMctttvc 

KBB»*SLTV^!:ftfc s *>*>l>XhW-N*81 4fc 

■C* 0 . *<9J: 3 tt£»£X^£«&H!r6<llfffll 1 2 
fcfc Jot. £#k LTB^SJBtt* 

[0 0 2 6] -eoj:d^^s«^i&s-r 

WS<i^«12<0^il$ : dC02fgC0it: 2 d/D« 
ffifr'O. 0 5~0. l<OKHrtt$ilTV^<O'CJ>0. 

■r^tfewc. ^<oi«^»tt«kJ±. <e<9«b£ 

6. W*>. *>*>6 2d/Dffi#0. 05iy±fc&5J:5 
KMSgSfrO^kKJ^T. filial 2**. ft#<9 

£^6titt&J:3lc&-?Tl>i&«>'Cfc l ). 4fc, 2d 
/DffitfO. lJaTWMIHSfiTV^ikfci-jT. * 
^>J:54rffiMdtl 2#, ££MF1 0O«PrtlBft:*Jlt6at 

mma 1 8 a t *mm 1 8 b k t« lt . 

[0027] ^^rttSrSf+G^gf 1 OfcJboT 
11, 2d/DffiA'\ 0. 058—0. 087C0g 

®mt%h£oizmf$.ztiz>ztim&n\ 

Sitfcio-C. fiaJMtttwWl^J: 

frt>Tb*). tt^tuzx^x. mmi2ftxmm 
i>fmfzmmmmmiz%®i$timz t fc***»s> 

k^T\ ffiffoll 2 
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molt : 2 d/D*<, *tlb*mR±tZ&\>vZ* *3S 

6^*t*o. 4fc. ®&tmm;cot§&izb'>xi> 

[0 0 28] Sfcfc. J^*tt*RiB»ff&RfflO 

fc*$nT, #is«tg*«2 2±tcg{t^>ai». mum 

£X M^- h® 1 4(4. fiUftjS 1 2<r>mm : d 
10 J:9i&VtfliaE3 : ds fcfcivc. ffi L<Hds = 
0. 5d~0. 9dfc&SJ:3ftBj£&fu ZtHzX-o 

x. &mttwm&* mmzx^B^m^m^JSfki 
oo s frfr&zb]/-mi4tz£&Ejjm&ffi)}Sk 

[0029] H4 AtTOSfZfl&fitfiafeSK 

* (&«) g£h.<o«B&0*^BH^»*^*D< . mmi 2 

X 0 tSi?<o^uM/-H l Atm^hixrz^m 
'glOtC&oTd, 04 (a) »VH5 (a) £*)tyt> 

20 »12fcT*Wl4iOtt. *h^-h»14fc*ffi|fc 

^SCl.tk^ 1 ). WTXM^-h^l4^jSL^r^ 

JMbW^SWT**. ZtLlzftLX. 04 (b)^ 
05 (b) iZypZtihXoiz, xhU-h»i4' <0« 

2- omm^izmLKLtz^zh^x 
(4. «mati 2- fc»oT«*^*i«K«ui. xvu 
-ban 4- wa^jwBHuc^A-xc^aL. 

L®fcWX-t>Z. 

[0030] MIX . lOCfto 
Til, ^M/-h»l 4<omaiS : ds (mm) . -e<7) 
«fl : Ws (mm) <*ft) : n. jfe^tc 

WrtaycES : D (mm) *«. ^tl^^RMRA : ds X 
Ws Xn/ ()tXD) OffitCtJV^T. 0. 001 — 0. 

40 oi^^iafi^iofflji*. 0. 0 0 l e t0t>'h$< : 3:l> 
k . x M/- h jR 1 4 imttiz k tc J: 6EAflBicffitt 

5t: ds XWs Xn/()tXD) <7>mK 0. 0 0 5~ 

0. 04WKfflrtk^SJ;'9tfli^-ri,c:k(cJ:o-r. 
50 [ 0 0 3 1 J k i 6T\ *RfW(jTii, ±M^*n§1$a 
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tx-h^tz^xbh. 

[0032]*^. iffrtfssem 1 2Qmmm<tm 

#a^3ft&iOT«&v^WD. 0. 35- 
0. 5 0mmg£i:£*lT^&.rfc#a;fcU\ J«f 
U 0. 3 5mm«tOt^$V> 

fc. #&S1 2<0flt(@ (IBPS) tf/KK&O&rc. 
«Mfcffl^fe*l**afc*i*vt. flflflll 2#, e& 

0. 0. 5 0mmJ:i)t>*&&fcr'9'?-fc%*&. 
€M1 0OWWfc:*Jtt**fflfliiWSfc0«>«»ai 

2 *WjSR*9«5r < =5: *) . MkatiWtiB 1 2 <0»j£tc J: 

->t*mi*. Bmm^pm^znttmsm. bp 

[ 0 0 3 3 ] $ fcfc. *»*»S^rfl 1 2 <#gi»ifc*t-t6 

mmftmmismz^&Ltitx'. msiizwzzti 

fflfcli. 5-4 5* W&tZtlh. Z<D&mft&: Otf 

5 - x o *,/jv& < %h t . xmnMm ■ 

[00 34]W=*fc. BWrt-*flH8ll2. 1 2|B»c 

*li>ft£> . HP*> S |^-rSZO<7)«mf«l 2. .1 2fc 

(OfttMtMLT, *«**Stt. 10-3 5* ?>55 

ft: rO:*;§$rtU0' J:Dt>'Jvgi*&2 0£$j£f- 
8MT«ifcf. *«J:3*K*2 0fcHK=RtrJ: 
■JfcLT. #*<0««ill2*1fl*li8t}IW«lo:"t6 

XZtim i . ffiR^CgJR'ff 1 0 fc-*tt(alll*ft«t 
T. SflEJftSSrtt^A-CSBoeJBWl oic^tti,^ 

iwwtcjsi^T, 9gk2ommx. mmmi 2com 

tfBKfc-jfcD. **Hi«H»l 2^P»jWWKU: 
Of-SSfuMfc**^?**. ]Hft:<0*#$# 

3 5 • J: 0 t>*£ mft&fctt. >SfiW>mSBm^t: 0 
<o«®rl l 2 MM&jWrt: < =5r 0 . SKB l 0 <o£& 
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WJbWSWflK %hfrt>X'bh. 
1 0 0 3 5 ] &fc. ±l2L£JMmc®&rtffi$tt<K& 

2 2. 2 2 tcj: ->TKM3*ifctf rtH»ffi (Z^ 
9S) fc. 5^fciKWflfc«»'r4 2«0««»l 2. 1 
2*WBiWfc»J«S*iT**aBftk S*lTH**>?*4 

WW 2 2 *>*jftfc LTtt. 2~ 1 OORHrtOffik* 

io fcsn&ik##iL^. fie^wiosfflw. io* 

Sttfftt2 2 < X hP- h» 1 4 ) tt. «HIBCI!»tfe 

[ 0 0 3 6 ] <?- LT . J: 5 =5r*S<0<SS«#8lfcT 

Sft6fKS*?8l2l;L ffifiL^ISS (d) . j«U-H 
20 ft < 0 ) . ^OUft ( r ) . 

memmnzTfiZtixm. ^ti^m 

rtffiigttfcf^l OS:, -e^-fix. ^rtfflco 
m 1 2 ^@jtpm«^SftT V ^ . 
[003 7] -?-n^<7)0{Ct>^T. @6tC^$^S«?"lt 
&oTl±. Wrtffltcfc^TXM^-hffil4±(cfiSt 
30 ifffWUmcSttTTtfRigKvtlHBt (diT'«6*) 

«$<lTfcO. (a) <0^{Cj)oT»±. d, (9. r. » 

fc (b) ii, flwtdti 2*M»saw)«*H*m(c*jv^T 
r. mmtmz&vmMi 2*ssfcia»*4>* 
40 «fctjJt*f8»ai2«w«aw«*'ffflHri6uci3v^T 

»l^^-^«>il**l*liiBfllfte»BFl 0^g£*W=S:^ 
»*firv^, JSfc, M^?81 2fc#«S*:*MW4£i:fc 

zhhtts-^commzm&mm 1 2^a?$ 

(d) , 'J-Fft (6>) . -^giffflft (r) . iS^ 
sESIiiil?**. Wfft, !Mr6fc*>. Mffiatl 2.12 
50 ISJSr^l.fRK<7)tSai&t/?Kffiy?$^ttll*%t. » 
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mmmfi-mm&^ti. mm&hztiiztt^xmi. 

[00 38] itz. W1<T> (a)~ (d) fi. _tJB@6 
fc^SfUfl^fiiA*. <K&!§#& hjfll 
4) fclSlfcLT. «^>PfHK:S^(ca»n«|Ofllff|ji 1 2 

tmm. m&mzmvhmm2 4*mx%h 
mmtfmmi o^-rkco-e&^-c. »L<«i. 

( a ) Ofl-Ctt. ^"CWflSBSiM* ( x v u- bM 1 
4)HICi(ttri6iai2 4*sa»t^#LTlJ9. (b) 

wffWi. ^«ia^«ri6]?82 4^tt^To&<a 

m&mmt a*, asraass tixitt h *>-c» o . sec 
< c > ^ ( d ) iz^tihmizh^xiz. 3**xeb@ 

^zm<D2^(mmmm^mmiznvx . «i«u m 

izuz^tixbis-bmi 4<omiz. m&sti&Qm 
(x b u- 1 4 ) ianBxmwa.tz. tab** h u 
-bmi4tmm%m\>nm2 4t:mi&ztiz£-> 

X. J:0***E*«BlcflSe»»fe#*ik*«aat4O 
[ 0 0 3 9 ] * LT . i«)*0Sfifji£: SflfcrtflffiMt 

attest affile. w>r^ie«s*ifc7^>xh 

~>x. mm*mm&<m$mzi)mfs.2ti& .tat 
i o o 4 o ] *ts. *wnt«-3 wisaift^fiff i o 

«5fcfri»lK:Httfir<» f^fimt&P3H*3*L»&i> 

<r)X't>htZ*>frh. ±M<r>pa< LT. *?HH£fl£3i*] 

All 2rt*{^^tt:/cl.^?« Ji ?»^«^m* 5 ffiS^r6] 

iSLTi. «*S<i&lRSaMWcJSi»T, ta£*SIS J: 0 
T . *Wflt« a rtffi»ftg|^ 1 0 SrfflV >Wf . 

mizftt>tihzt t%*). L*»fc»fcft4asa«B«>g 

[ o o 4 n t z?>x\ momimmfm® 1 2 
*x h u- ha 1 4 *sfrrc$:4i*iEaMte!Ms 1 0 
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3 0*JB^T. JSTTOfcK LXfmZtl&Ztt*&. 

[0042] m*>. m8fri>i>wt>fr%£oiz. 5tf. 

£. ESJDI • SffKS3 0<3APfl8(::I!l£$ft*:-*t 

«|o-;Kcj:i). *$^Tl6l<7)-*(6l (@84>. fclttfr 
ft) fcaWWUWHtU)*. *LT. ft&S3 0(c*J 
^T. ^«3 2^i6^r|6]BtfrfflStES$<i^ffiiD- 
10 ;U3 6t^Q-^3 8fc<7)[aT\ KWK3 2£M». 
J.oJJfje«>]£fl<cTflflELT. ]EHni*L»*. & 
t>. .lc9Ega-;U3 6«D*I-Sffit;:(±. BWfc-rS^a 
f 1 0«BfWHt:»KSii4«»ai 2fc»»r«sefc 
Hfc. XM^-higl4. tttTl6l^2 
4ldttJB-^&S3fee^jC$/lT^&. vI^tioT. *» 

2<ry-^am±iz. %,Wffim 1 2-^^*St«0X h 
U-h»14. |gt»iartf|6ljS2 4Sr. BWt-TSg* 

20 i>s. 

[0043] <JCOT. fflia-;l^36J: , }t>^320 
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